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(54) IONIC LIQUID, METHOD OF DEHYDRATION, ELECTRIC DOUBLE LAYER CAPACITOR, AND 
SECONDARY BATTERY 



(57) The water present within an ionic liquid that is 
in a liquid state at 25°C or an organic solution containing 
at least one ionic compound is decomposed by bringing 
electrodes into contact with the ionic liquid or organic 
solution within an atmosphere having a dew-point tem- 



perature not higher than -40°C or under a reduced pres- 
sure of not more than 75 torr, thereby reducing the water 
content. This process makes it possible to obtain highly 
dehydrated ionic liquids. 
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Description 
TECHNICAL FIELD 

5 [0001 ] The present invention relates to ionic liquids and a method of dehydration thereof, and also to electrical double- 
layer capacitors and secondary cells. 

BACKGROUND ART 

10 [0002] Ionic compounds generally form crystals composed of positively charged cations and negatively charged 
anions which pull electrostatically on each other. For example, when the ionic compound NaCI is dissolved in water, 
water molecules surround the Na + ions (cations) and the CI" ions (anions) that make up the crystals, turning each ion 
into a large overall ion. Because the large ions that form in this way are unable to approach each other, the electrostatic 
interactions therebetween weaken, enabling the cations and anions to move freely throughout the solution as particles 

'5 carrying their respective charges. 

[0003] In this way, ionic compounds dissolve in water and various other liquids to form liquids that conduct electricity, 
i.e., electrolytic solutions. Electrolytic solutions prepared by dissolving an ionic compound in an organic solvent are 
commonly used in nonaqueous electrolyte batteries and capacitors. 

[0004] When NaCI is subjected to a rise in temperature and thermal motion is activated to such an extent as to 
20 overcome interactions between the ions, this compound itself becomes a liquid capable of conducting electricity. In 
the case of NaCI, the transformation of this solid into a liquid occurs at an elevated melting point of 800°C. An ionic 
compound or salt thereof that has melted in this way is generally called a fused salt. 

[0005] The chemical species present in fused salts are all charge-bearing cations or anions; no neutral atoms or 
molecules are present. Accordingly, in a fused salt, elements that cannot be obtained from ordinary aqueous electrolytic 
25 solutions because the reducing power or oxidizing power with respect to water is too strong (i.e., metals such as alkali 
metals, aluminum and rare-earth elements, and non-metals such as fluorine) can be electrolyzed and thereby obtained 
in uncombined form. This is the principal industrial application of fused salts. 

[0006] Among the above-described fused salts, there are some which remain in a liquid state even at room temper- 
ature and do not solidify at very low temperatures. Such fused salts which remain in a liquid state at room temperature 
30 or below are referred to in particular as "room-temperature fused salts" or "ionic liquids." 

[0007] These ionic liquids have a number of characteristics, including: (1 ) a vapor pressure that is either nonexistent 
or very low, (2) non-flammability or fire-retarding properties, (3) ionic conductivity, (4) a higher decomposition voltage 
than water, (5) a broader liquid temperature range than water, and (6) handleability in air. 

[0008] Such characteristics are put to good use by employing these ionic liquids as novel electrolytes capable of 
35 being utilized at room temperature or lower in a variety of applications, including the electrodeposition of metals, or 
alloys, electrolytic plating baths, electrolytes for energy-storing electrochemical devices, and as solvents for organic 
synthesis. 

[0009] Of these applications, ionic liquids having a minimal water content are required particularly for use as non- 
aqueous electrolytes or as organic solvents in reactions that must be conducted in a water-free system. 

40 [001 0] Quaternary ammonium salts are generally prepared by the quaternization of a tertiary amine with, for example, 
an alkyl halide, a dialkyl sulfate or a dialkyl carbonate. Moreover, when changing the anionic species, synthesis is 
carried out via the quaternary ammonium hydroxide by neutralization with an inorganic acid or an organic acid. The 
quaternary ammonium carbonate or hydroxide salt used as the starting material for obtaining a quaternary ammonium 
salt by such a method is generally available commercially in the form of an aqueous solution or an alcohol solution. 

45 To reduce the water content therein , use has typically been made of a process in which the aqueous or alcohol solution 
is evaporated to dryness and the quaternary ammonium salt is removed as a solid, then is purified by recrystallization. 
[0011] However, when a quaternary ammonium salt is industrially evaporated to dryness, it takes a long time to 
completely eliminate moisture, in addition to which the quaternary ammonium salt undergoes thermal degradation 
during heating. 

50 [0012] A number of processes have been developed to avoid such problems, including a method in which, instead 
of removing the moisture completely, a solvent such as ethanol is added and concentration and recrystallization are 
carried out to lower the moisture content (JP-A 2001-106656), methods that involve storing the electrolyte or organic 
solvent produced in a low-humidity environment (JP-A 10-116631, JP-A 10-64540), a method in which a solute con- 
taining residual moisture is dissolved in an organic solvent and an inert gas is bubbled through the resulting solution 

55 to remove the moisture (JP-A 10-338653), and methods involving the use of desiccants. 

[001 3] However, moisture removal by recrystallization, drying with a desiccant or bubbling through an inert gas relies 
on resources such as alcohols, molecular sieves or nitrogen gas which are either difficult to reuse or for which a method 
of reuse must be established. Hence, moisture removal in this way is poorly suited for mass production. On the other 



2 



JSOOCID: cEP 1498409A1_I_> 



EP 1 498 409 A1 



mo d r T I ' nV0 V ' ng St ° ra9e in 3 low " humidit y environment, it takes quite a long time to lower the moisture level 
™ Vuiof °u quaternary ammonium salts which are solid at ambient temperature, such as (CH 3 ) 4 N.BF 4 and 
(CH 3 ) 3 (C 2 H 5 )N.BF 4 , the moisture content can be lowered to about 10 to 20 ppm by vacuum drying crystals ot the salt 
However. ,n attempts that have been made to lower the moisture content in ionic liquids of relatively high viscosity 
using the above techniques, the lowest moisture content achieved has been about 200 ppm, and this was by dehy- 
dration earned out on a small amount of ionic liquid in a laboratory setting. When a large amount of ionic liquid is 
™«, rat o ^ i0 3 f8Ct0ry ' f ° r exam P' e ' ,he P ercent eduction in moisture content worsens dramatically. 

[001 5] By making use of a method in which first the ionic liquid (CH 3 )(C 2 H 5 ) 2 (CH 3 OC 2 H 4 )N.BF 4 is dissolved in an 
organic solvent, then nitrogen gas is bubbled through the solution, the water content in the solution can be lowered to 
about 50 ppm. However, the salt concentration is difficult to adjust, making this approach inappropriate in cases where 
a specific concentration is required. 

[0016] When an ionic liquid or a solution prepared by dissolving an ionic liquid in an organic solvent is used as a 
liquid electrolyte ,n an electrical storage device such as a lithium ion secondary cell or an electrical double-layer ca- 
pacitor, to ensure the polar properties and longevity of the electrodes, "it is desirable for the moisture within the solvent 
to be lowered to less than about 30 ppm" (Denki Kagaku 48, No. 12, 665-671 (1980)). Hence, liquid electrolytes that 
have been subjected to a high degree of dehydration are required. 

1001 2 J h ,! P ? Sent invention was <=°"ceived of in light of the above circumstances. One object of the invention is to 
provide highly dehydrated ionic liquids. Another object of the invention is to provide a method of dehydrating ionic 
liquids' ° bJeCtS t0 Pr ° Vide e ' eCtrical double -'ayer capacitors and secondary cells which use such ionic 

DISCLOSURE OF THE INVENTION 

[0018] The inventors have conducted extensive investigations in order to achieve the above objects As a result 
they have found that the water present in ionic liquids or ionic liquid-containing solutions can be electrolyzed in an 
atmosphere having a dew-point temperature not higher than -40°C or under a reduced pressure of not more than 76 
torrto give a highly dehydrated ionic liquid or ionic compound-containing solution. This discovery led ultimately to the 
present invention. ' ' 

[0019] Accordingly, the invention provides the following. 

(1) An ionic liquid containing cations and anions, which liquid is characterized by having a water content of not 
more than 1 50 ppm and being in a liquid state at a temperature not above 25° C 

(2) The ionic liquid of (1 ) above which is characterized by having a water content of not more than 50 ppm 

(3) The ionic liquid of (1) or (2) above which is characterized by being an onium salt 

(4) The 'onic liquid of (3) above which is characterized in that the cation is a quaternary ammonium ion of general 
formula (1 ) below 3 



R 1 

2 

R — N — CH 2 CH 2 OR' (i) 
R 3 



(wherein Ri to R* are each independently an alkyl of 1 to 5 carbons, and any two from among R\ R2 and R3 may 
together form a ring; and R' is methyl or ethyl). 

!S7!lf J° ni ? ' iqUid ° f (4) ab0ve whicn is characterized in that the quaternary ammonium ion is (CH 3 )(C 2 H 5 U 

(6) The ionic liquid of any one of (1) to (5) above which is characterized in that the anion is at least one selected 
o™ leTsM 9 23 V.' PfV ' C '° 4 '' CF3S ° 3 '' CF3C ° 2 " (CF3S °2 ) 2 N "' and nas a 'neoretical decomposition voltage 

(7) A method of dehydration which is characterized by bringing electrodes into contact with an ionic liquid that is 
m a liquid state at 25°C within an atmosphere having a dew-point temperature not higher than -40°C or under a 
reduced pressure of not more than 76 torr so as to effect the decomposition of water present in the ionic liquid 

(8) A method of dehydration which is characterized by bringing electrodes into contact with an organic solution 
containing one or more ionic compound within an atmosphere having a dew-point temperature not higher than 
-40 C or under a reduced pressure of not more than 76 torr so as to effect the decomposition of water present in 
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the organic solution. 

(9) The method of dehydration of (8) above which is characterized in that the ionic compound is at least one 
selected from among alkali metal salts, quaternary ammonium salts, quaternary phosphonium salts and transition 
metal salts. 

5 (10) The method of dehydration of any one of (7) to (9) above which is characterized by stirring the ionic liquid or 

the organic solution at the time of contact with the electrodes. 

(11) The method of dehydration of any one of (7) to (10) above which is characterized in that the electrodes are 
composed of a positive electrode and a negative electrode, the positive electrode containing a metal which has 
an equilibrium potential with ions, an oxide or a peroxide of the same metal that is not less than 0.4 V versus the 

io normal hydrogen electrode (NHE) and the negative electrode containing a metal which has an equilibrium potential 

with ions of the same metal that is not less than -0.8 V versus the normal hydrogen electrode (NHE); and in that 
a voltage is applied across the positive and negative electrodes which is not less than the sum of the theoretical 
decomposition voltage for water of 1 .23 V, the oxygen overvoltage ii 02 (in V) at the positive electrode, the hydrogen 
overvoltage ii H2 (in V) at the negative electrode and the resistance component iR (wherein i stands for the current 

is density and R is the resistance component) (in V). 

(12) The method of dehydration of ( 1 1 ) above which is characterized in that the positive electrode contains at least 
one selected from among platinum, rhodium, palladium, iridium, silver, gold, aluminum, aluminum oxide, osmium 
oxide, silver oxide, tin oxide and titanium oxide; and in that the negative electrode contains at least one selected 
from among platinum, rhodium, palladium, iridium, copper, silver, gold, aluminum, actinium, bismuth, cobalt, mer- 

20 cury, nickel, iron, polonium, tin and technetium. 

(13) An electrical double-layer capacitor having a pair of polarizable electrodes., a separator between the polariz- 
able electrodes and a liquid electrolyte, which electrical double-layer capacitor is characterized in that the liquid 
electrolyte contains the ionic liquid of any one of (1) to (6) above and an organic solvent having a water content 
of not more than 50 ppm. 

25 (14) a secondary cell having a positive electrode, a negative electrode, a separator between the positive and 

negative electrodes, and a liquid electrolyte, which secondary cell is characterized in that the liquid electrolyte 
contains the ionic liquid of any one of (1 ) to (6) above and an organic solvent having a water content of not more 
than 50 ppm. 

(15) An electrical double-layer capacitor having a pair of polarizable electrodes, a separator between the potariz- 
30 able electrodes and a liquid electrolyte, which electrical double-layer capacitor is characterized in that the liquid 

electrolyte is an ionic liquid or an organic solution containing one or more ionic compound which has been dehy- 
drated by the method of dehydration according to any one of (7) to (12) above. 

(16) A secondary cell having a positive electrode, a negative electrode, a separator between the positive and 
negative electrodes, and a liquid electrolyte, which secondary cell is characterized in that the liquid electrolyte is 

35 an ionic liquid or an organic solution containing one or more ionic compound which has been dehydrated by the 

method of dehydration according to any one of (7) to (12) above. 

BRIEF DESCRIPTION OF THE DIAGRAMS 

40 [0020] FIG. 1 is a graph showing the change over time in the water content of ionic liquid X in Example 1 according 
to the invention and in Comparative Examples 1 and 2. 

[0021] FIG. 2 is a graph showing the discharge current dependence of the discharge energy in the electrical double- 
layer capacitors in Example 10 of the invention and in Comparative Example 3. 

[0022] Fig. 3 is a graph showing the charge voltage dependence of the discharge energy in the electrical double- 
ts layer capacitors in Example 10 of the invention and in Comparative Example 3. 

[0023] FIG. 4 is a graph showing the change overtime in the water content of the liquid electrolytes (organic solutions) 
in Example 11 of the invention and in Comparative Examples 4 and 5. 

[0024] FIG. 5 is a graph showing the cycle life of the secondary cells in Example 1 1 of the invention and in Comparative 
Examples 6 and 7. 

50 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0025] The invention is described more fully below. 
55 [ionic Liquid] 

[0026] The ionic liquid of the invention contains cations and anions, has a water content of not more than 1 50 ppm, 
and is in a liquid state at a temperature not higher than 25°C. 
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[0027] 



ammonium ions or quaternary 
ampjes are quaternary ammonium ions of formula (1) below. 



R 1 



I R 2 -N--CH 2 CH 2 OR' (1) 

R 
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10 



15 



20 
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reused. Moreover, because of their low water content, they can be used as organic solvents for reactions that must be 
conducted in a water-free system, and are thus capable of contributing as well to the field of green chemistry where 
new synthetic processes that have less of an environmental impact are being developed. 

5 [Method of Dehydration] 

[0040] In the method of dehydration according to the invention, electrodes are brought into contact with an ionic 
liquid that is in a liquid state at 25°C or with an organic solution containing one or more ionic compound, within an 
atmosphere having a dew-point temperature of not higher than -40°C or under a reduced pressure of not more than 
w 76 torr, so as to effect the decomposition of water present in the ionic liquid or the organic solution. 

[0041]' As used herein, "ionic compound" is a concept that includes both liquid-state salts and solid-state salts. Al- 
though not subject to any particular limitation, the use of one or more selected from among alkali metal salts, quaternary 
ammonium salts, quaternary phosphonium salts and transition metals is preferred. 

[0042] Specific, non-limiting examples of organic solvents that can be used when preparing the organic solution 
15 include nitrites such as acetonithle and propionitrile; acyclic ethers such as dibutyl ether, 1 ,2-dimethoxyethane, 
1,2-ethoxymethoxyethane, methyl diglyme, methyl triglyme, methyl tetraglyme, ethyl glyme, ethyl diglyme, butyl dig- 
lyme and glycol ethers (e.g., ethyl cellosolve, ethyl carbitol, butyl cellosolve, butyl carbitol); heterocyclic ethers such 
as tetrahydrofuran, 2-methyltetrahydrofuran, 1 ,3-dioxoiane and 4,4-dimethyM ,3-dioxane; butyrolactones such as y- 
butyrolactone, y-valerolactone, S-valerolactone, 3-methyl-1 ,3-oxazolidin-2-one and 3-ethyl-1 ,3-oxazolidin-2-one; and 
20 other solvents commonly used in electrochemical devices, such as amide solvents (e.g., N-methylformamide, N,N- 
dimethylformamide, N-methylacetamide, N-methylpyrrolidinone), carbonate solvents (e.g., diethyl carbonate, dimethyl 
carbonate, ethyl methyl carbonate, propylene carbonate, ethylene carbonate, styrene carbonate), and imidazohdinone 
solvents (e.g., 1 ,3-dimethyl-2-imidazolidinone). Any one or mixtures of two or more of these solvents may be used. 
[0043] In the above method of dehydration, moisture within the system is reduced by decomposition. However, if the 
25 system at the same time takes up moisture from the outside atmosphere, a marked decline occurs in the moisture 
removal efficiency. It is thus essential for the system exterior to be a dry atmosphere having a dew-point temperature 
of not more than -40°C or to be evacuated to a reduced pressure of not more than 76 torr. 

[0044] To increase the moisture removal efficiency, the dew-point temperature is set to preferably not more than 
-50°C, more preferably not more than -60°C, and most preferably not more than -80°C; or the degree of vacuum is 
30 set to a pressure of preferably not more than 10 torr, and most preferably not more than 1 torr. 

[0045] Moreover, because water is not itself composed of ions and the only means for transferring water within the 
system onto the electrode surfaces is diffusion, it is preferable to stir the ionic liquid or the organic solvent in order to 
shorten the time required for removing moisture from the system. 

[0046] The speed of the stirrer during stirring is not subject to any particular limitation, although moisture can be 
35 removed more rapidly by setting the speed to 50 to 400 rpm, and especially 200 to 400 rpm. 

[0047] The electrodes are made up of a positive electrode and a negative electrode. The positive electrode preferably 
contains a metal having an equilibrium potential with ions, an oxide or a peroxide of the same metal which is not less 
than 0.4 V versus the normal hydrogen electrode (NHE). The negative electrode preferably contains a metal having 
an equilibrium potential with ions of the same metal which is not less than -0.8 V versus the normal hydrogen electrode. 
40 it is preferable for a voltage to be applied across the positive and negative electrodes which is not less than the sum 
of the theoretical decomposition voltage for water of 1 .23 V, the oxygen overvoltage ii 02 V) at the positive electrode, 
the hydrogen overvoltage ii H2 (in V) at the negative electrode and a resistance component iR (wherein i stands for the 
current density and R is the resistance component) (in V). 

[0048] That is, the electrode reactions represented by the formulas shown below are known to occur when water is 
45 hydrolyzed. It is undesirable to use materials which give rise to a charge transfer M — > + e" (where M is a metal or 
metal oxide) at the metal in the positive electrode at a potential of not more than 1 .229 V versus the normal hydrogen 
electrode in the presence of (acidity) and at a potential of not more than 0.401 V versus the normal hydrogen 
electrode in the presence of OH" (basicity) and which form into ions and dissolve. It is also undesirable to use materials 
which generate ions in other oxidation reactions. 

[0049] Moreover, it is preferable to use as the metal in the negative electrode a material which has an equilibrium 
potential with ions of the same metal of at least 0.000V versus the normal hydrogen electrode in the presence of H + 
(acidity), and of at least -0.828 V versus the normal hydrogen electrode in the presence of OH" (basicity). 



Electrode Reactions During Decomposition of Water 
[0050] 

(1) in the presence of H*: 
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2H + + 2e H 2 (E° = 0.000V (vs. NHE)) 
0 2 + 4H + + 4e" -* 2H 2 0 (E° = 1 .229 V (vs. NHE)) 

(2) in the presence of OH* 

2H 2 0 + 2e ^ 20H- + H 2 (E° = -0.828 V (vs. NHE)) 
0 2 + 2H 2 0 + 4e" -> 40H" (E° = 0.401 V (vs. NHE)) 
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rials which satisfy the abovecondit.on ^the pos L anTneS T e ' eCtr ° deS C ° ntaining a ° y meta " ic mate " 
electrode include at least one se.ected from among Sin um rhod , Z ^ SXamp,eS of the P° si ^ 

minum oxide, osmium oxide. silver oxide 1Z2 >an6 Sum 'T" ^ Si ' Ver - 9 0,d ' alu ™"". alu- 

.nc.ude at least one se.ected from among p.aZm Idium pTlladium eXamp '" ° f the " e ^ e electr ° d * 

t00S 2J Preferred combinations of the above positive electrode and the negative electrode inc.ude the following. 
(1) Positive electrode: aluminum; Negative electrode: aluminum 

2 Pos, t,ve electrode: a.uminum oxide; Negative electrode- aluminum 

3 Posmve electrode: silver; Negative electrode: a.uminum 

nieir;:^ 

i™"^^ — «*= a meta, or alloy containing a, least one se.ected from 

S2£C SSS 3tiVe e ' eCtr0de: 3 ^ ° r ^ ""^ - — one se,ected from among 

[Si,^ 

1 .23 V by exact.y the sum of the oxygen overage V fin V £ th th t e ° ret ' Cal decomposition voltage for water of 
(in V) at the negative electrode and a resisZce comoonlnnR , „ P e ' eCtr ° de ' the hydr0aen o^rvoltage n H2 

resistance component) (in V). App.ying a voTage mZs^ TcTV T* *" ^ a " d ^ 

roo 5 4T Se r h m ° iStUre rem ° Val Via -ater decomposition !o proceed ^ V °' ta9e ^ a " eXtema ' power 
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, = fom,ed by fixing the e.ectrode sheets 

the electrodes are connected to a power source and etc^Z l ! ?* ^ 3t 3 Speed of 50 <° 40 ° 'P™. 
1 to 5 mA/cm* and a voltage setting that is g^duaX ra se d til ^° U9h " a " " PPer *** CUrrent densit V 0 

to a final voltage of 6 to 8 V over a period off* ^^hours the^„ 7 erdecomposin 9 theore.icaf vo.tage of 1 .23 V 
[0057] in addition to water within the elect fcal dou£! V e,ectro, V z,n 9 the water within the system, 

ence of metallic ions (e.g.. iron.. ch££?S SSfSjJSZ? °I -T ^ ^ Ce " ^stem. the pres- 
potential range used is known to .ower the capaci ,? fe of the f Pr ° VOk,n 9 e,eclrode actions within the e.ectrode 
self-discharge. The above-descnbed dehydratio method can a so £ ! ? inCfe3Se Undesirab,e such as 

are present within the system onto the negative e^trode P * ,0 e,ectrode P° si ' ««* metal ions that 



7 



EP 1 498 409 A1 



[Electrical Double-Layer Capacitor] 

[0058] The electrical double-layer capacitor according to the invention has a pair of polarizable electrodes, a sepa- 
rator between the polarizable electrodes and a liquid electrolyte. The liquid electrolyte is (1) the above-described ionic 
5 liquid in combination with an organic solvent having a water content of not more than 50 ppm, or (2) either an ionic 
liquid or an organic solution containing one or more ionic compound, which ionic liquid or organic solution has been 
dehydrated by the above-described method of dehydration. 

[0059] Exemplary organic solvents having a water content of not more than 50 ppm include any of the various solvents 
mentioned above without particular limitation, provided they can be used in liquid electrolytes for electrical double- 
w layer capacitors. 

[0060] In the organic solution containing one or more ionic compound, if the ionic compound in the solution is not 
an ionic liquid, no particular limitation is imposed on the concentration of the compound, although a concentration of 
0.1 to 5.0 mol/L, and especially 1 .0 to 4.0 mol/L, is preferred. At a concentration of less than 0.1 mol/L, energy loss 
may rise due to increased internal resistance. On the other hand, at a concentration of more than 5.0 mol/L, undesirable 
15 effects such as deposition of the ionic compound and reduced stability may occur at low temperatures. 

[0061] The polarizable electrodes may be ones produced by coating a current collector with a polarizable electrode 
composition containing a carbonaceous material and a binder polymer. 

[0062] The carbonaceous material is not subject to any particular limitation. Illustrative examples include carbona- 
ceous materials prepared by the carbonization of a suitable starting material, and subsequent activation of the carbon- 

20 ized material to yield activated carbon. Examples of suitable starting materials include plant-based materials such as 
wood, sawdust, coconut shells and pulp spent liquor; fossil fuel-based materials such as coal and petroleum fuel oil, 
as well as fibers spun from coal or petroleum pitch obtained by the thermal cracking of such fossil fuel-based materials 
or from tar pitch; and synthetic polymers, phenolic resins, furan resins, polyvinyl chloride resins, polyvinylidene chloride 
resins, polyimide resins, polyamide resins, polycarbodiimide resins, liquid-crystal polymers, plastic waste and re- 

25 claimed tire rubber. 

[0063] The activation treatment method is not subject to any particular limitation. Use may be made of various meth- 
ods, including chemical activation and steam activation. 

[0064] The carbonaceous material used in the invention may be in any of various forms, including shredded material, 
granulated material, pellets, fibers, felt, woven fabric or sheet. 

30 [0065] A conductive material may be added to the above-described carbonaceous material. The conductive material 
may be any suitable material capable of conferring electrical conductivity to the carbonaceous material. Illustrative, 
non-limiting, examples include carbon black : Ketjenblack, acetylene black, carbon whiskers, carbon fibers, natural 
graphite, artificial graphite, titanium oxide, ruthenium oxide, and metallic fibers such as aluminum or nickel. Any one 
or combinations of two or more thereof may be used. Of these, Ketjenblack and acetylene black, both of which are 

35 types of carbon black, are preferred. 

[0066] The binder polymer may be any polymer suitable for use in the present application. For example, (I) unsatu- 
rated polyurethane compounds, (II) polymeric materials having an interpenetrating network structure or a semi-inter- 
penetrating network structure, (III) thermoplastic resins containing units of general formula (2) below 



40 



45 



-C4CH 2 V0- 

o 



(2) 



(wherein the letter r is from 3 to 5, and the letter s is an integer which is >5), and (IV) fluoropolymer materials. Of these 
binder polymers, the use of polymeric materials (I) to (III) results in a high adhesion, and can therefore increase the 
physical strength of the electrodes. Fluoropolymer materials (IV) have excellent thermal and electrical stability. 
so [0067] The polarizable electrode composition can be prepared by placing the following ingredients in a mixing vessel 
and wet mixing: the above-described carbonaceous material (including, if necessary, a conductive material), a binder 
solution obtained by rendering the binder polymer into solution form, and an optional solvent. 

[0068] It is preferable to add the binder polymer in an amount, per 1 00 parts by weight of the carbonaceous material, 
of 0.5 to 20 parts by weight, and especially 1 to 10 parts by weight. 
55 [0069] The above-described polarizable electrode composition is coated onto current conductors to form the polar- 
izable electrodes. Any positive and negative electrode current collectors commonly used in electrical double-layer 
capacitors may be selected and used for this purpose. The positive electrode current collector is preferably aluminum 
foil or aluminum oxide, and the negative electrode current collector is preferably copper foil, nickel foil or a metal foil 
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iZT tVIT^V 3 C ° PPer P,ati " 9 fi,m or a nickel P^g Nm 

Lets, and pSSCffZI^^ «™ "* «*■ 

[0071] A.ternative.y, the polarizable ^ InCS m.7 " ^ 1 '° 2 °° ^ 
^ composition, then extruding the blend as a film P^uced by melting and blending the polarizable electrode 

| fibers and «W nemp fibers, ^h^^X^iXTiS h T ^ ' aid fr0m 3 b ' 6nd ° f 

rayon fibers, paper made from a b.end of cellulose and g.ass fSs If " • e ' eCtr ° ,ytiC P3per ' P3per made from 
,0 sheets. ose and glass fibers, and combinations thereof in the form of multilayer 

^r^^^^^^^^~ assembled by stac.no, fan,o,ding or winding 
separator therebetween. The capacitor assLb.y is then l^ T ™*** ^ ° f polari2abl * electrodes with a 
housing such as a can or a laminate pack ToTZlal^mJTl T*?* ^ P ' 3C6d wi,hin a *»tte,y 
it is a can or heat-sealed if it is a laminate pack ^ e,ectr ° ,vte a "d mechanically sealed ,7 

[0074] The above-described electrical double-layer caDacitiw* «f «,„ • 

current electrica! storage devices, including meio JS l! T"*?" ^ SUit3b ' e f ° r USe as low " 

Phones. notebook computers and wireless Ea? D ^ ' P T ! UPP " eS f ° f e,ectronic equipment such as cell 
uninterruptible power supplies for persona coTpute s and i rnT* ? Ph ° neS 3nd POrtab,e audi ° •V^tt. 
power generation as load-leveling power supple ^ ElecS d b ' n ( a, ' 1 ° n W,th P hotov °'taic power generation or wind 
charged and discharged at a large'curren^ are ^^uSS!l^?^ <W CaPaCi '° rS Wh ' Ch are ca P ab,e ° f ^9 
a -arge current in such applications as electric cars ^J^ZZE?™ ^ devices ^-9 
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•one liquid in combination with an organic solvent hZnn - ° V ' The " qU,d e,ec trolyte is (1) the above-described 
ionic liquid or an organic so.ution com S one o Zol ? ^ ^ 5 ° PPm ' ° r & ei,her an 

dehydrated by the above-described method of dehydr^n C ° mp ° Und ' which >°™ W or so.ution has been 

Sin X'lff^—" °' ^ »* " - same as mentioned 

ssl ~r e ; ectrod F e is suitab,y — •» - 

materials that may be used in lithiurr secondao Xl^and mnium fon h eX3mp,e ' P ° SitiVS electrode active 
capable of lithium ion insertion and extraction and fhfum on ™„ seco "dary cells include cha.cogen compounds. 
[0078] Examples of chalcogen compounds caoab I omi " C ? nt ?"" n9 ch alcogen compounds. 
V 2 0 6 . V 6 0 13 and Mn0 2 . P apab ' 6 ° f " th,Um ,on ,nsertion and extraction include FeS 2 , 7iS 2 MoS 2 

manganese, titanium, chromium va'nad urn atminum , n - T' e ' emem S6leCted from amon 9 cobalt 
[0080] The negative electrode active Ztenal makl 1 h 2 ' nC '' °° 5 s * s 1 ^ °: and 0.5 < y < 1 0) 

intended use of the electrode, the type TZl^ oZ r T * S6,eCted 33 appropriate for the 

materials that may be used in ^JSZZS^ZSl^^T^ e ' eCtrode active 

alloys, the oxides, sulfides and nitrides of periodfc table arouTfl a TnT " ^ inC ' Ude alkaM metals ' a 'ka.i metal 
lithium ion insertion and extraction, and carbonaceous maS LLm ' ' ^ 13 ' " and 15 e ' emen,s ca P able ° f 
•°ns. onaceous mater.als capable of reversibly inserting and extracting lithium 

o»de (LijBiO.) »no HOiium zinc oxide (LijZnO ) exlraM »" "dude l,n silicon oxide (SnSiOj). lithium bismuth 

Ss 5S£53T " ^ SU " ideS indU * — - — <0 , x s 3 M a„d coppe, 

&5T^S^.tjr^'?~S r — — — as U, M , N 

C0085J IHuswfce examp , es ol c,doonacco" us 'r a il, a V o °2 ? ^ "°" IU3FeN ' 1 

.-de 8 „ PM ,,c a „o„ b ,„,co k e. 9 , a ss,or::rors 
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[0086] The binder polymer used in the positive and negative electrodes, the method of fabricating the positive and 
negative electrodes, and the separator used are all the same as those described above in connection with electrical 
double-layer capacitors. 

[0087] The above-described secondary cell can be obtained by stacking, fan-folding or winding a cell assembly 
5 composed of the above-described positive electrode and negative electrode with a separator therebetween. The cell 
assembly is formed into a coin-like shape, placed within a cell housing such as a can or a laminate pack, and filled 
with the above-described liquid electrolyte, following which the housing is mechanically sealed if it is a can or heat- 
sealed if it is a laminate pack. 

[0088] If necessary, reaction-curable substances such as (meth)acrylates, epoxy group-bearing compounds and 
w thermoset urethanes may be added to the liquid electrolyte, and reacted to effect curing. 

[0089] The above-described secondary cell of the invention can operate at a high capacity and high current without 

a loss in its excellent characteristics, including charge/discharge efficiency, energy density, output density and life. 

Moreover, it has a broad service temperature range, and is thus highly suitable for use in a variety of applications, 

including main power supplies and memory backup power supplies for portable electronic equipment such as video 
15 cameras, notebook computers, cell phones and "personal handyphone systems" (PHS), uninterruptible power supplies 

for equipment such as personal computers, in electric cars and hybrid cars, and together with solar cells as energy 

storage systems for solar power generation. 

EXAMPLE 

20 

[0090] The following synthesis examples, examples of the invention and comparative examples are provided to 
illustrate the invention and do not in any way limit the invention. 

Synthesis Example 1 

25 

Synthesis of (CH 3 )(C 2 H 5 ) 2 (CH 3 OC 2 H 4 )N + BF 4 - 

[0091] A mixed solution prepared by mixing together 100 ml of diethylamine (Kanto Chemical Co., Inc.) and 85 ml 
of 2-methoxyethyl chloride (Kanto Chemical) was placed in an autoclave and reacted at 120°C for 12 hours. The 

30 internal pressure during the reaction was 0.283 MPa (2.9 kgf/cm 2 ). This yielded a mixture of deposited crystals and 
reaction solution to which was added, following the 12 hours of reaction, 200 ml of an aqueous solution prepared by 
dissolving 40 g of sodium hydroxide (Katayama Chemical Inc.) in 200 ml of water. Each of the two divided organic 
phases that formed as a result was separated off with a separatory funnel and subjected twice to extraction with 250 
ml of tetrahydrofuran (Wako Pure Chemical Industries, Ltd.). The separated organic phases were then combined and 

35 washed with a saturated saline solution, following which potassium carbonate (Wako Pure Chemical Industries) was 
added to remove water and vacuum filtration was carried out. The solvent in the resulting organic phase was distilled 
off in a rotary evaporator, after which the residue was subjected to normal-pressure distillation, yielding 21 g of 2-meth- 
oxyethyldiethylamine. 

[0092] Next, 8.2 g of the 2-methoxyethyldiethylamine was dissolved in 1 0 ml of tetrahydrofuran (Wako Pure Chemical 
40 Industries), then 4.0 ml of methyl iodide (Wako Pure Chemical Industries) was added under ice cooling. After 30 min- 
utes, the mixture was removed from the ice bath and stirred overnight at room temperature. The solvent in this reaction 
solution was subsequently driven off by vacuum distillation, and the resulting solids were recrystallized from an ethanol 
(Wako Pure Chemical Industries) - tetrahydrofuran system, yielding 16 g of 2-methoxyethyldiethylmethylammonium 
iodide. 

45 [0093] Next, 1 5.0 g of the 2-methoxyethyldiethylmethylammonium iodide and 1 0.7 g of silver tetraf luoroborate (Tokyo 
Kasei Kogyo Co., Ltd.) were mixed, yielding 11.5 g of (CH 3 )(C 2 H 5 ) 2 (CH 3 OC 2 H 4 )N + BF 4 - (referred to hereinafter as 
"ionic liquid X") which was a liquid at room temperature (25°C). 

Synthesis Example 2 

50 

Synthesis of (CH 3 ){C 2 H 5 ) 2 (CH 3 OC 2 H 4 )N^.(CF 3 S0 2 ) 2 N- (abbreviated below as DEME+-TFSI) 

[0094] First, 1 0.0 g of the iodine salt of 2-methoxyethytdiethylmethylammonium was dissolved in 50 mL of acetonitrile 
(Kanto Chemical Co., Ltd.). Next, 9.5 g of lithium trifluoromethanesulfonimide (Kishida Chemical Co., Ltd.) was added 
55 to the solution and completely dissolved, following which the solution was stirred for 15 minutes. 

[0095] The acetonitrile was then removed by vacuum distillation, after which water was added to the residue. Each 
of the two divided organic phases that formed as a result was washed five times with water, thereby removing impurities 
from the organic phases. 
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Synthesis Exam ple 3 

Synthesis of Thermoplastic Polyurethane Resin 

>o parts by weigh, of 4,4--d,pheny.me<hane diisocyanate The feslZZnl ' ndUStrieS ' Ltd "> and 28 57 

under a stream of nitrogen, following which 7 09 parts ibv SZ^K MSt '^ an<ImiXedfor2hourea,,20, C 
reaction was similarly effected at 120X under a stream Z ! ^"T^ 0 ' W3S added *° the mixture and the 
reaction product became rubbery, it was stopped The reac Z 12^ T* re8Ched the P ° int where the 

at 1 00°C for 1 2 hours. Once the isocyanate group abso ol 1 T rem ° Ved fr0m the reactor and "eated 

2-pyrrolidone. y W6,ght 0f th,s Po-yurethane resin in 92 parts by weight of N-methyl- 

20 Example 1 

Dehydration of Ionic Liquid X 

~ ng an oxidized and e,ched — — * 

mm wide aluminum tape had been spotted an" usTn^as rh^ "J t0 °' *° ° X1 ° ° mm and l ° which 3 0 

having a thickness of 1 .6 mm; produced by Sumftomo Sc^nd"^ , ^T** #8 (made of nickel 

which 3.0 mm wide nickel tape had been spot wTlded an IZ IT, 7 ' ^ CUt t0 3 S ' Ze ° f 20 0x1 0 0 mm a " d to 

speed of 100 rpm, a stabilized power supply 7pa^8 6A ml'fh „ the ^ With a ma 9 netic ^Orer at a 

electricity was passed through for a peZ of 2 ^hour^a7an uoL T"?^ KK) *" ° 0nneeted to ,he electrodes a " d 
was gradually increased from the theoretical wate ^^decomooSn 7 ""T?' ° f 1 ° ° mA 3nd 3 VO,ta 9 e settin 9 ^at 
[0101] The water content of the ionic liquid X hi ZTh h h ! 96 ° f 1 23 V { ° 3 final Volta 9 e ° f 6 -0 V. 
moisture titrator (NK C-61 0N . manufact^ a ^ -cher 



Examples 2 to 9 
40 [0102] 



water content was measured. 0Ut '" the Same wa V as in Example 1 , following which the 



45 



Comparative Example 1 



the above-mentioned moisture titrator. P8ratUre ° f 50 C " fol,ow '"9 "h.ch the water content was measured using 



50 Comparative Example 2 
[0104J 



titrator. me water conte "t was measured using the above-mentioned moisture 

^^^^ °r 9 a„ t so^ns „ eaeh „ „ e 

are shown in Table 1 passing electricity through for 24 hours were measured The results 
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Examples 1 and 2. 



Table 1 





Liquid component 


Water content before 
dehydration (ppm) 


Water content after 
dehydration (ppm) 


Example 1 


ionic liquid X 


200 


50 


Example 2 


DEME+TFSI- 


300 


30 


Example 3 


EMI + -BF 4 - 


500 


50 


Example 4 


1.0M Elvm-BF 4 7PC 


50 


10 


Example 5 


1.0M TEMA+BF 4 7PC 


50 


10 


Example 6 


1.0M DEME + .BF 4 7PC 


100 


10 


Example 7 


1.0M EMI+-PF 6 7PC 


200 


10 


Example 8 


1.0M EMI + -TFS7PC 


200 


10 


Example 9 


1.0M LiPF 6 /PC 


50 


10 


Comparative Example 1 


ionic liquid X 


200 


190 


Comparative Example 2 


ionic liquid X 


200 


240 



[0107] In Table 1 , the DEME+TFIS" prepared in Synthesis Example 2 was used. The DEME + -BF 4 7PC was a solution 
prepared by dissolving the ionic liquid X obtained in Synthesis Example 1 in propylene carbonate (PC) to a concentration 
25 of 1.0 M. 

[0108] The EMI + -BF 4 \ EMI+-BF 4 7PC, EMI + -PF 6 7PC and EMI+TFS7PC were 1 -ethyl-3-methylimidazoltum tetrafluor- 
oborate (EMI + -BF 4 "), 1-ethyl-3-methylimidazolium hexafluorophosphate (EMI + PF 6 ") and 1 -ethyl-3-methylimidazolium 
trifluoromethanesulfonate (EMl + TFS*) (all products of Aldrich Chemical Co., Ltd.), either used directly as supplied or 
in the form of solutions prepared by dissolution in propylene carbonate to a concentration of 1 .0 M. 
30 [0109] The LiPF 6 /PC was a solution of LiPF 6 (Kishida Chemical Co., Ltd.) dissolved in propylene carbonate to a 
concentration of 1 .0 M. 

[0110] The 1.0M TEMA+BF 4 7PC was a product of Tomiyama Pure Chemical Industries, Ltd. that was used as sup- 
plied without modification. 

35 Example 10, Comparative Example 3 

Electrical Double-Layer Capacitors 

[0111] Electrical double-layer capacitors were fabricated as described below using a solution prepared by dissolving 
40 the ionic liquid X used in Example 1 and Comparative Example 2 within propylene carbonate to a concentration of 1 .0 
M as the liquid electrolyte. 

[0112] First, a slurry was prepared by mixing activated carbon (MSP-20, made by Kansai Netsukagaku K.K.), a 
conductive material (Denka Black HS1 00, made by Denki Kagaku Kogyo K.K.) and a binder polymer (P VdF900, made 
by Kureha Chemical Industry Co., Ltd.) in a weight ratio of activated carbon/conductive material/binder = 100:3:5 as 
45 the filling substances with N-methylpyrrolidone (NMP, grade 1 product made by Katayama Chemical Inc.) as the solvent 
in a (filling substance)/NMP weight ratio of 100:212.5. The slurry was applied onto a 30 CB AI/AIO x sheet 
(250x 1 50X0.030 mm) (made by Japan Capacitor Industrial Co., Ltd.) to a width of 90 mm, then dried (80°C) and rolled 
(packing density, about 0.7 g/cm 3 ), following which 1 2 mm diameter disks were punched from the coated sheet for use 
as the electrodes. 

50 [0113] Electrodes having a thickness of about 0.13 mm were selected as the positive electrodes, and electrodes 
having a thickness of about 0.15 mm were selected as the negative electrodes. 

[0114] The above-described positive and negative electrodes and two cellulose separators punched to a diameter 
of 22.0 mm (FT40-35, made by Nippon Kodoshi Corporation; thickness, 0.035 mm) were each impregnated with the 
liquid electrolyte, then subjected to a vacuum of about 60 torr. The two separators were placed between the electrodes 
55 to form a ceil, which was then set up together with a three-electrode coin cell jig (Test Cell HS-3E, made by Hohsen 
Corporation), giving an electrical double-layer capacitor. 

[0115] The above electrical double-layer capacitor was charged at a current of 1 .0 D (1.8 mA) and a voltage setting 
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of 2.5 V, following which it was discharged at 0.2 D 1 0 D 3 0 D m n n o * ™ ^ 

^1 d 6 SCh f ar ?h 6Valuated - The resu,ts shown in FIG 2 ^ ^ CUrrent de P endence of 

SS 1^"" 9 " er!W lha " m ' M < MO »" <=SmpS£ J Exa m » 3 PaC "" EXamPte ' ° ^ a ™ ah 

removal may ba ..spoasiMe lo , lheS8 ,„™^ SPK,es """" lne »"«= "W" X SynenjisUc e« e c s e„ s u,n 9 l,om such 
Example 1 1 

Dehydration of Ionic Compound-Containing Organic Solution 

to a stabilized power supp£ (PA18 1 ■ «« tetrodes were connected 
in a dry atmosphere having a dew-point temperature of 50»C Zlh^' ^'^J tem ? erature of about 25°C and 
at an upper limit current of 1 0.0 mA and a voltage settinc , of 6 0 V hf? 98 by Car ^ out electrolysis 

The interior of the system was stirred at this time u no a maon^r * ^ 9 8 e ' eClr ° lyte (0r 9 anic so,uti °">- 
over time. The final water content was 11 Ppm * 9 8 "" Br 4 shows th * change in water content 

Comparative Example 4 

[0122] The 1.0 M solution of LiPF 6 in EC/DEC/PC/VC (1 00 0/157 1/28 S7/? h u 

was dehydrated by bubbling through nitrogen gas therebv oivinn 1 .in ' \ J f by We ' yht) P re P ared >" Example 1 1 
content over time. The final water content wasTs pm 9 ^ elsc ™*e FIG. 4 shows the change in water 

Comparative Example 5 

of -5o ; c. thereby giving a liguid e,ect P ro.yte. Jia^tS "* IT 3 '-nperatu* 



of -50°C. thereby giving a liquid electrolyte FIG 4 show thechann! atm ° Sphere havin 9 a ^w-poin, temperature 
was 39 pm. V 8 - MQ - 4 Sh0ws the ^ange ,n water content overtime. The final water content 

Example 12. Comp arative Examples 6 And 7 
45 Secondary Cells 

Production of Positive Electrode> 



50 



55 



^cZde^L^ - 1» P-*. —ode active materia,, Ke, je nb,ac k 

Chemical Industry Co.. Ltd.) and the ^S^riH^^^ 'T^ (PVDF 13 °°' made by K " eha 
weight ratio of 100.0:4.35:4.13:2.72. resjeclely then ^IZ ^T >" ^ es ' s E **^ 3 were mixed in a 

50.0X270.0 mm to give positive electrodes F^rno K (WK,th ° f C ° a ' ed area ' 40 0 mrn > * 20.0 mm and 

selected and used. tetrodes. Electrodes hav.ng a weight of 0.280 g and a thickness of 0.080 mm were 
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<Production of Negative Electrode> 

[0126] Mesophase microbeads (made by Osaka Gas Chemicals Co., Ltd.) as the negative electrode active material 
and polyvinylidene fluoride (PVdF 900, made by Kureha Chemical Industry Co., Ltd.) were mixed in a weight ratio of 
5 100.0:8.70, respectively, then dissolved or dispersed and mixed in NMP (121.7 parts by weight per 100 parts by weight 
of mesophase microbeads) to form a slurry. 

[0127] The slurry was applied onto copper foil (thickness, 0.010 mm; made by Nippon Foil Manufacturing Co., Ltd.), 
then dried, rolled, and cut to dimensions of 50.0 mm (width of coated area, 40.0 mm) x 20.0 mm to give negative 
electrodes. 

10 

<Production of Electrode Group> 

[0128] An electrode group was formed by combining two of the above positive electrodes and two of the above 
negative electrodes with two intervening cellulose separators (FT40-35, made by Nippon Kodoshi Corporation; thick- 
's ness, 0.035 mm) cut to dimensions of 54.0x22.0 mm. 

<Production of Secondary Cell> 

[0129] The liquid electrolytes prepared in Example 11 and Comparative Examples 5 and 6 were poured into the 
20 electrode group fabricated as described above in amounts of 100.0 vol % with respect to the spatial volume of the 
electrode group. The electrolyte-filled electrode group was then laminate-packed, giving the secondary cells in Example 
12 and Comparative Examples 7 and 8. 

[0130] In these secondary cells, the electrical capacity of the positive electrode active material calculated from a 
theoretical capacity of 137 mAh/g when x = 0.5 in the Faraday reaction 

25 

LiCo0 2 Li x Co0 2 + (1-x)Li + -i- (1-x)e* 

at the positive electrode active material of the cell was taken as the rated capacity of the cell. This was defined as a 
30 state of charge of 100.0% (about 36.0 mAh). 

[0131] The secondary cell was initially charged to 1 .50 V at a current of 0.01 C, then charged to 3.20 V at a current 

of 0.05C. 

[0132] The cell was then subjected to three charge/discharge cycles, each cycle consisting of constant-current/con- 
stant-voltage charging to a voltage setting of 4.20 V and a current cut-off of 0.1 0C, one hour at rest, constant-current 
35 discharging at 1 .00C to a voltage cut-off of 3.0 V, and one hour at rest. This was followed by constant-current discharge 
at a current of 0.20C to 2.75 V, thus placing the sample cell in an initial state (SOC = 0%). In particular, the initial 
capacity of each secondary cell was taken to be the sum of the 1 00C discharge in the third cycle and the 0.20C 
discharge. 

[01 33] Cycle life tests were then carried out in which each cycle consisted of constant-current/constant-voltage charg- 
40 ing to a voltage setting of 4.20 V and a current cut-off of 0.1 0C and constant-current discharging at 1 0OC to a voltage 
cut-off of 3.0 V. The changes in capacity for the respective secondary cells were compared. The results are shown in 
FIG. 5. 

[0134] As shown in FIG. 4, the liquid electrolyte in Example 11 from which moisture was been removed by electrolysis 
had a lower water content (11 ppm) than the liquid electrolytes in Comparative Example 5(18 ppm) and Comparative 
45 Example 6 (39 ppm). The secondary cell produced in Example 12 using this liquid electrolyte had a capacity retention 
after 200 charge/discharge cycles of about 82%, which was better than the value of about 77% obtained for the sec- 
ondary cell in Comparative Example 7 and the value of about 46% obtained for the secondary cell in Comparative 
Example 8, demonstrating the advantageous effects of water removal. 

[01 35] As described above, the present invention uses electrolysis to remove water from ionic liquids and other liquid 
50 electrolytes, making it possible to obtain highly dehydrated ionic liquids and ionic compound-containing organic sol- 
vents. 

[0136] Moreover, by using an ionic liquid or the like as the electrolyte, electrical storage devices (secondary cells, 
electrical double-layer capacitors, and other types of capacitors) having a high charge/discharge capacity or electro- 
static capacitance can be obtained. 

55 
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Claims 
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2 . The ionic iiquid or Caim t which is character , ed by havjng a wa(er coment Qf 5Q ^ 

3- The ionic iiquid of claim , or 2 which is characterized by being an onium sa „. 

4. The ionic liquid of claim 3 which is characterized in that »h- . . 

formula (1 ) below racterized in that the cation is a quaternary ammonium 



ion of general 



15 



20 



R 1 

r2 — n*— CH 2 CH 2 OR' (1) 
R 3 



25 



30 



least 1.23 V. 3 3 3 2 3 " d < CF 3 S °2) 2 N , and has a theoretical decomposition voltage of at 



35 8. 



a ..quid state at 25°C within an atmosphere havinq a dew Lint LiT W ' th a " i0nic liquid that is in 

reduced pressure of not more than 76 torr so as to effect th TclZtr , ^ lhan ^ ° r Under a 

as iq etrect the decompos.t.on of water present in the ionic liquid. 



in the 



40 



45 



50 
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9. The method of dehydration of claim 8 which is characterized in that th. m . 

electrode, the hydrogen overvoltage , 1h2 {in V) a the neoaUve lilZT" T™"* 9 * 1)02 ° n V) at the P° si,ive 
i stands for the current density and R Is the resfs^ * C ° mp ° nen ' iR 

' ,G,,Um ' s,,ver - 9° ,d - aluminum, aluminum oxide, osmium oxide, 
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silver oxide, tin oxide and titanium oxide; 

and in that the negative electrode contains at least one selected from among platinum, rhodium, palladium, 
iridium, copper, silver, gold, aluminum, actinium, bismuth, cobalt, mercury, nickel, iron, polonium, tin and techne- 
tium. 

An electrical double-layer capacitor having a pair of polarizable electrodes, a separator between the polarizable 
electrodes and a liquid electrolyte, 

which electrical double-layer capacitor is characterized in that the liquid electrolyte contains the ionic liquid 
of any one of claims 1 to 6 and an organic solvent having a water content of not more than 50 ppm. 

A secondary cell having a positive electrode, a negative electrode, a separator between the positive and negative 
electrodes, and a liquid electrolyte, 

which secondary cell is characterized in that the liquid electrolyte contains the ionic liquid of any one of 
claims 1 to 6 and an organic solvent having a water content of not more than 50 ppm. 

An electrical double-layer capacitor having a pair of polarizable electrodes, a separator between the polarizable 
electrodes and a liquid electrolyte, 

which electrical double-layer capacitor is characterized in that the liquid electrolyte is an ionic liquid or an 
organic solution containing one or more ionic compound which has been dehydrated by the method of dehydration 
according to any one of claims 7 to 1 2. 

A secondary cell having a positive electrode, a negative electrode, a separator between the positive and negative 
electrodes, and a liquid electrolyte, 

which secondary cell is characterized in that the liquid electrolyte is an ionic liquid or an organic solution 
containing one or more ionic compound which has been dehydrated by the method of dehydration according to 
any one of claims 7 to 12. 
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